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Lost in Translation? Teacher Training and Outcomes in High School Economics Classes
I. Introduction
In this paper, we assess the contributions of teacher and student characteristics to students' success in high school economics classes. Much of the voluminous literature on educational outcomes focuses on students in primary school. A key finding from this literature is that the quantitative contribution of teacher quality to student outcomes is large, but the relationship between teacher quality and measurable characteristics such as training and experience is limited and ambiguous (e.g., Rockoff 2004; Rivkin, Hanushek, and Kain 2005; Aaronson, Barrow, and Sander 2007) . By contrast with this literature, we focus on subject matter education at the high school level, for which teachers' specialized educational background and experience may play a larger role than it does in primary school settings.
The data are from a special survey of California high school economics teachers conducted by the Federal Reserve Bank of San Francisco (FRBSF) and outside researchers in 2006, originally aimed at assessing the effectiveness of a video curriculum program developed by FRBSF. The survey produced value-added outcome data for nearly 1000 students in 48 matched-pair classes taught by 24 teachers. Our experimental design enables us to explicitly account for observed and unobserved teacher effects in addition to observable student and class characteristics. We obtained pre-and post-test outcomes for two testing modes: multiple choice questions and an essay question. The essay mode represents an additional novel element of our 2 analyses, given the economic education literature's typical reliance on standardized multiple choice questions. 1 After discussing relevant background literature and our data, we describe our value-added methodological framework and results. We find that student characteristics including own GPA and peer GPA have the largest effects on student achievement. The estimated effects of teacher characteristics such as experience teaching economics and formal education in economics also raise student achievement by statistically significant amounts that are nearly as large as the effects of student characteristics. However, the impact of teachers' formal education in economics varies across the different testing modes, with a college emphasis in economics leading to higher multiple choice scores but lower essay scores; we dub the latter the "lost in translation" effect. By contrast, advanced degrees in fields other than economics (mainly education) enhance student outcomes for both testing modes. These results suggest that contentspecific teacher training may have substantial value for high school subject matter, but further research is required to identify the specific settings in which this value can be realized.
II. LITERATURE REVIEW
II.A. Education literature
Teacher quality has been identified in a variety of studies as a significant factor in the determination of student achievement (see e.g. Hanushek and Rivkin 2010; Kane et al. 2010) However, identifying and measuring teacher quality has proved to be challenging, because observable characteristics such as attainment of advanced degrees, years of teaching experience, certifications, and ongoing professional development have not consistently explained variation in 3 teacher-specific contributions to student achievement (Rockoff 2004; Rivkin et al. 2005; Aaronson et al. 2007 ). Conflicting results on factors affecting teacher quality are often attributed to differences in methodology and data (Kane et al. 2010; Rothstein 2010) .
As discussed by Harris and Sass (2007) , findings on the impact of observable teacher characteristics on student achievement are mixed, with some studies showing positive effects for elementary and middle school math but not for reading. At the high school level, a number of studies have found positive effects for teacher training in content-specific areas but not for formal education, including the attainment of advanced degrees. For example, Aaronson et al. (2007) and Betts, Zau, and Rice (2003) investigated the effects of teachers' college major and found no systematic impact on student achievement in high school. Surprisingly, Harris and Sass (2007) found that teachers with majors in math or math education are less productive in the teaching of high school math than teachers who lack such background.
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In contrast to the ambiguous effects of formal education, additional teaching experience generally has been found to enhance teacher quality at both the elementary and high school levels (Rivkin et.al. 2005; Clotfelter et al. 2007; Harris and Sass 2007; Rice 2010) . However, the impact of teaching experience begins to taper off after the first year and by the fourth or fifth year does not appreciably affect teacher quality (Clotfelter et al. 2007; Boyd et al. 2008; Rice 2010 ). Harris and Sass (2007) utilized panel data matching students and teachers to specific classrooms to estimate the effects of teacher education and training, distinguishing between specific types of undergraduate coursework and also between different types of professional development training. Their results indicated generally positive but mixed effects for years of 2 Clotfelter, Ladd, and Vigdor (2007) also uncovered evidence that teachers' advanced degrees can be associated with lower student outcomes. In particular, using a panel of 9 th and 10 th grade students from North Carolina, they found a large negative effect on end-of-course test scores for teachers holding a Ph.D. Given the small number of such teachers in their sample, this may reflect unobserved characteristics of those teachers rather than a general pattern. 4 experience but no significant effects for obtaining an advanced degree. These findings corroborate results from a number of other studies (Rice 2010) .
Some studies also find large effects of teacher credentials such as content-specific licensing or training requirements. For example, using end-of-course test scores for a large sample of high school students in North Carolina, Clotfelter et al. (2007) found that the effects of teacher credentials are larger than the effects of student characteristics. Similarly, Harris and Sass (2007) found that professional development in the form of content-specific training raised student achievement, using administrative data for the universe of third through tenth grade students in Florida. In another recent study, Subedi , Swan, and Hynes (2009) examined middle school gain scores in mathematics from a single school district and found significant positive effects for content certification in mathematics and teaching experience.
II.B. Economic education literature
A parallel literature within economic education has focused on how teacher characteristics and the other factors discussed in the preceding section affect achievement in high school economics classes. Watts (2005) summarized much of the existing empirical research on pre-college economic education, focusing on studies published since 1990. His major conclusions, as reiterated in Watts and Walstad (2011) , identified three key factors that influence student learning of economics in high schools:
1. Students who take a separate class in economics and therefore spend more time on economics learn more than students who study economics infused into other subjects.
2. Teacher knowledge of economics and teacher training in economics enhance student learning.
3. Instructional materials that reflect accurate economics content and incorporate interesting instructional methods enhance student learning. However, no consistent evidence favors specific materials or teaching methods.
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To determine why some teachers are more effective than others, Bosshardt and Watts (1990) investigated teacher effects on student learning in high school economics classes using fixed-and random-effects models. The teacher characteristics they examined included college credits in economics, non-credit workshops in economics, years of teaching experience, and the extent of teachers' past instruction in economics. They found that the most effective teachers were those who had completed more courses in economics. Other significant factors included a proxy for student IQ and school characteristics.
Walstad (2001) also found that teachers who take more courses in economics are more effective in teaching economics and identified five to six courses as a critical threshold level.
Overall, teacher characteristics other than coursework in economics had inconsistent or insignificant effects on student learning in various studies. These characteristics include completion of non-credit workshops, years of teaching experience, years since the last economics course was taken, and percentage of teaching load that is economics (Walstad 1992) . It is important to note that these findings pertain to objective test modes such as multiple choice questions.
With respect to student effects, measures of student aptitude or intelligence are consistently found to be positively correlated with student achievement in economics (Watts 2005 ). Related to this, prior knowledge or ability captured by a pretest score is typically the single most important variable for explaining student achievement. Students in higher level courses such as Advanced Placement (AP) courses outperform students in non-AP courses (Butters and Asarta 2011) Other student characteristics related to economics knowledge and learning in high schools include student gender and race or ethnicity, with male students often 6 outperforming female students and whites outperforming other races and ethnic groups. Teachers' attitudes about economics are found to affect student attitudes and student attitudes are found to affect student learning, although the direction of causality between student attitudes and student learning is not clear (Watts 2005.) 
III. DATA
The data used in this paper were collected as part of a project to assess the effectiveness traditional manner. Teachers were asked to administer student questionnaires and to complete a 7 teacher questionnaire. Evaluation of student outcomes was based on pre-and post-tests for a set of 20 multiple choice questions and an essay question, as described in more detail below.
Sixty-two teachers responded that they were scheduled to teach two similar economics classes during fall 2006 and that they were willing to participate in the study. Materials were sent in early September and teachers were instructed to randomly assign one class to be the experimental class and one class to be the control class. Forty-three teachers returned some materials and 24 returned the complete sets of materials used in this study.
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Among the 48 classes taught by these 24 teachers, 1290 students returned some information, with 982 returning complete information used in the regression analysis of multiple choice scores in this paper and 963 for the essay scores.
The pre-and post-tests administered to students were developed for use in this study, substantially by the teaching curriculum, particularly for the multiple choice questions; the posttest average of about 13 represents nearly a 60 percent gain relative to the pre-test average of about 8. The improvement in essay scores is also substantial but not especially impressive in regard to the final level, with an increase essentially from 0 to 1 on average. Some students achieved the maximum score on the multiple choice post-test, and some received the maximum on the essay pre-test as well as the post-test.
Student characteristics, class characteristics, and teacher characteristics will be used as control variables in our analyses, to capture the influences on student achievement discussed in Section II. The descriptive statistics in Table 1 reveal a diverse student body in regard to racial and ethnic composition, prior academic performance as reflected in own and peer GPA, and parents' educational attainment. Their attitude towards economics mostly ranges from indifference to open dislike. Class characteristics also reveal substantial diversity along key dimensions. About 5 hours of class time was devoted to the monetary policy curriculum on 9 average, with the full range extending from a minimum of 2 hours to a maximum of 12.
7 Most of the classes fell in the category of "mixed" in terms of students' academic aspirations and likelihood of college attendance.
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Teacher characteristics are of particular interest in this study. Most teachers in the sample have taught economics for at least 10 years and have been teaching for nearly 20 years overall (the medians for these variables are not shown but are very close to the means listed in Table 1 ). One quarter of the teachers (6) have taught economics for their entire careers, ranging from 5 to 20 years in length. Only a few teachers have taught for 5 years or less, which precludes separate identification of early career learning effects in our regression analyses. Onethird of the teachers possess a college undergraduate major or minor degree in economics, while two-thirds hold an advanced degree (typically a Master's in Education); about half of those who were undergraduate economics majors hold an advanced degree, so the overlap between these two groups is small enough for estimation of their independent impacts on student achievement.
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IV. REGRESSION FRAMEWORK AND RESULTS
IV. A. Regression specification
Our analysis relies on the well-established value-added approach for estimating the contributions of student, teacher, and classroom characteristics to educational outcomes (see e.g. Rivkin et al. 2005; Kane et al. 2010; Rothstein 2010; Chetty, Friedman, and Rockoff 2011) . Pre-10 tests and post-tests were administered to participating students in our sample of California high school economics classes before and after they completed the unit on monetary policy and central banking, so our experimental design fits well within the value-added framework.
Moreover, our matched experimental sample and ability to model individual teacher effects helps us to overcome some common concerns about the influence of unobservables in the estimation of education production functions.
We begin with a value-added equation of the following form:
( 1) This equation specifies that the achievement outcome A (multiple choice or essay test score) of student i in classroom j taught by teacher k depends on the student's pre-test score A 0 (which represents individual ability and cumulative educational inputs prior to the experiment), plus vectors of classroom instructional characteristics C j , individual student characteristics S ijk , and teacher effects μ k .
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The α and β terms are coefficients to be estimated, and ε ijk is an error term that has zero mean conditional on the right-hand side variables. The intent of Equation (1) is not to pin down the sources of the teacher-specific contribution to student achievement, but instead to model these effects as unobserved intercept shifts (fixed effects) or as a teacher-specific component of variance in the error term (random effects). After estimating this equation using the fixed-effects and random-effects estimators, we implemented standard tests of the alternative econometric models. Acceptance of the null hypothesis of random effects implies that the unobserved teacher effects are uncorrelated with the other variables (classroom and student) in the model, implying in turn that we can obtain unbiased estimates of the coefficients on A 0 , C, and S along with the coefficients on a set of explicit teacher variables, or T k in equation (2) below:
We estimate equations (1) and (2) and apply specification tests for the multiple choice outcomes. The multiple choice scores range from 0 to 20, and their distribution has nearly equivalent mean and variance. We investigated use of a Poisson regression model, which often has attractive properties for estimating models based on count data such as our multiple choice test score. Our specification checks indicated that the Poisson and linear models yield similar point estimates, but the linear model generates more precise estimates in our specific setting. We therefore use the linear model for the analysis of the multiple choice outcomes.
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The essay question scores range from 0 to 3, lending themselves naturally to an ordered response model;
we use an ordered logit model for the results reported in the next sub-section. The next group contains student characteristics including gender, race and ethnicity, self-reported high school GPA, peer GPA (for all other observed students in the class), parents' education, and the student's attitude toward studying economics. The final group contains teacher characteristics including years of experience teaching economics, years of general teaching experience, gender, whether the teacher has an undergraduate major or minor in economics, and whether the teacher has an advanced degree. The teacher characteristics are only included in column 3, as explained below.
IV.B. Regression Results
The regressions reported in Table 2 are based on random effects in columns 1 and 3 and fixed effects in column 2. Each of these accounts for a teacher-specific component to the error structure. The random effects (RE) specification incorporates a teacher-specific random component, which is assumed to be uncorrelated with the other variables in the model. By contrast, the fixed effects (FE) specification is equivalent to a model that includes a dummy variable for every teacher and as such accounts for correlation between teacher-specific factors and the other variables in the model (and hence precludes the inclusion of any observable teacher variables).
Columns 1 and 2 are reported primarily for specification testing. Column 1 is the basic RE specification without any teacher variables, to match the FE specification in column 2. The 13 Because the class pairs for participating teachers were required to be at the same level, class level indicators cannot be included in regressions that include teacher fixed effects (or are intended to be comparable with such specifications), as in columns 1 and 2 of Table 2 and 3. Similarly, because only two teachers reported spending slightly more time in the experimental class, the effects of the "time spent" variable cannot be reliably identified in regressions that account for teacher fixed effects, hence it is excluded from the first two columns.
13 coefficients are nearly identical across columns 1 and 2. The Hausman test statistic for the null hypothesis of random effects, listed near the bottom of the table for columns 1 and 2, is well below values that would imply rejection of the null hypothesis (statistical equivalence of the results across Columns 1 and 2) at conventional significance levels. This equivalence suggests that we can parameterize the teacher effects directly using observable teacher characteristics, without imparting substantial bias to the estimated coefficients on other variables.
Column 3 lists the results for the RE specification with a group of explicit teacher variables.
14 We focus here on a subset of key student and teacher characteristics (their relative magnitudes are discussed in the next sub-section). The coefficient on the pre-test score is positive and significant, indicating that students who start from a higher baseline achieve higher final scores. However, this coefficient is substantially smaller than one, indicating that the size of the typical gain declines with the level of the pre-test score (conditional on the other covariates). Students in the experimental classes that received the Fed O&O instructional materials recorded significantly higher post-test scores (conditional on pre-test scores) than did the students in the control classes; this largely replicates the key finding of Lopus and Hoff (2009) , despite the expanded set of control variables used here. Additional time spent on the curriculum is associated with lower student achievement, which likely reflects extra time and effort exerted by teachers in classrooms where absorption of the material was observed to be slow.
Several student characteristics have large and statistically significant effects on post-test scores, most notably their high school GPAs, peer GPA, and self-reported attitude towards economics (which is likely a proxy for their expected performance or studying intensity for the course).
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These findings are consistent with prior results in economic education (e.g. Watts   2005 ). In addition, female and minority students experience somewhat smaller score gains than do male and white students.
The results for the teacher characteristics in Table 2 indicate that an undergraduate major or minor in economics significantly improves student outcomes, as do advanced degrees and years of experience teaching economics.
16
These results generally are consistent with a number of studies cited earlier, regarding the favorable impact of teachers' specialized training and experience for student achievement (Harris and Sass, 2007; Clotfelter et al. 2007 ; Boyd et al.
2008; Rice 2010). Both undergraduate economics training and advanced degrees (typically in
the education field in our sample) appear to enhance teacher effectiveness for the multiple choice testing mode in economics. Similarly, the positive coefficient on years spent teaching economics suggests either that sustained course specificity enables teachers to enhance their proficiency, or else that teachers sort over time into course specializations that make the best use of their talents and interests. By contrast, the coefficient on years of general teaching experience is negative and nearly significant at the 5% level, suggesting that time spent teaching subjects other then economics may reduce teacher effectiveness in teaching economics. 15 Our estimated peer effects are more robust (e.g., to teacher fixed effects) than those found by Clark, Scafidi, and Swinton (2011) . This difference probably arises because we are able to directly identify peers who share a classroom, whereas Clark et al. can only identify peers who share a teacher (but are not necessarily in the same class). 16 Despite the findings noted earlier (section II) that the first five years of teacher experience are especially valuable, we are unable to identify such differences in the estimated experience profiles because almost none of our teachers have fewer than five years of general or economics teaching experience. As such, the coefficients on the experience variables represent the impact of experience beyond five years.
feasible for the ordered logit model, so in columns 1 and 2 we list results for the basic model and a similar specification that includes an explicit set of teacher dummies (coefficients not reported). The estimated coefficients are relatively similar across columns 1 and 2, suggesting that observed and unobserved teacher effects are not significantly correlated with the other variables in the model. The primary exception is the coefficient on peer GPA, which declines substantially in size and statistical precision when teacher dummies are included. This suggests a tendency for high-achieving students to be sorted into classrooms taught by teachers with favorable characteristics.
Turning to the model that controls for observed teacher characteristics in column 3, the results are similar to the multiple choice models in regard to the important effects of students' own and peer GPA. Among teacher characteristics, the number of years teaching economics significantly enhances student achievement, similar to the results for the multiple choice outcomes. The estimated effect of an undergraduate degree in economics is negative and significant, but this is more than offset by a positive and significant effect of advanced degrees in other fields.
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This finding suggests that in regard to teaching how to structure a logical argument and a clear narrative in an essay question, general teaching skills are critical, whereas undergraduate training in economics may undermine this process. We note that the negative effect of undergraduate economics training is surprising but is broadly consistent with the finding of Harris and Sass (2007) described earlier, regarding the negative effects of teachers' undergraduate math training on their high school students' math achievement. These findings suggest that the undergraduate economics curriculum content may not be closely aligned with the subject matter teachers are required to impart to their students once they arrive in the classroom. Put differently, the specialized knowledge acquired through undergraduate economics may be "lost in translation" at the level of high school teaching, undermining rather than enhancing the ability to teach high school students how to structure an economic argument.
IV.C. Assessing the magnitudes of student, class, and teacher contributions to learning
The regression results discussed in the previous section identified significant effects for all three categories of inputs in the educational process. In this section, we assess the relative magnitudes of some key effects. Because the variables differ in their dimensions and scale, we translated them into consistent and comparable scales for evaluating their relative magnitudes.
The resulting magnitude calculation is straightforward for the multiple choice models because each coefficient represents the effect of a one-unit change in the variable on the numerical score.
For the ordered logit model, the coefficients require a transformation into probability space, which relies on the estimated coefficients in conjunction with the estimated constants; the latter are different for each outcome category in the model (see Wooldridge 2002 , section 15.10.1, for details). Table 4 lists the results for selected variables that produce statistically significant coefficients in column 3 of Tables 2 and 3 . For each variable listed, we indicate the unit of change assessed (a change of 1 for dummy variables, one standard deviation for other variables) and the calculated effect on the outcome. For the multiple choice models in Panel A, the effect is in terms of the numerical score. For the essay models, the effects in Panel B of Table 4 are calculated as the percentage point increase in the probability of receiving a score of 2 rather than 0. These effects on essay scores are most meaningful by comparison with the shares of students who earned those scores (20.5% scored a 2 and 34.5% scored a 0).
The results in Table 4 indicate that students' attitude toward economics has the largest effects on achievement: compared with those who dislike economics, students who are excited about studying it see an increase in their multiple choice scores by more than an additional question and an increase in the probability of receiving an essay score of 2 (rather than 0) of 11 percentage points; this latter effect is especially large relative to the 20.5 percent sample incidence of this score. Higher own and peer GPAs also raise post-test scores by substantial amounts, particularly for the essay test. The Fed O&O instructional materials raised multiple choice scores by nearly as much as a standard deviation increase in peer GPA.
The effects of teacher characteristics are especially notable, given their implications for teacher training. Undergraduate degrees in economics and advanced degrees in general both enhance achievement on the multiple choice tests by amounts nearly as large as student enthusiasm about learning economics. Teachers' advanced degrees also enhance achievement on the essay exam by an amount nearly as large as student GPAs. However, undergraduate training in economics diminishes student achievement on the essay exams by an amount almost as large as the increase associated with an advanced degree. A standard deviation increase in the number of years of economics taught also enhances student achievement, by an amount equal to about one-quarter to one-half of the impact of the other key variables listed.
V. CONCLUSIONS
Using results of a special survey that was administered in 2006 to about 1000 high school economics students in California, we investigated the factors that contributed to student achievement on multiple-choice and essay exams on a monetary policy and central banking curriculum, relying on a standard value-added framework. We focused primarily on the contributions of student characteristics such as their GPAs and attitudes toward learning economics, and teacher qualifications such as undergraduate economics training and advanced degrees. The results of our specification tests suggested that teacher and student characteristics generally are uncorrelated in our multiple choice testing sample, indicating that we can obtain unbiased estimates of the effects of the full range of student and teacher characteristics.
Students' attitudes towards economics and their own and peer GPA have large effects on achievement. The effects of teachers' specialized training such as college economics coursework and advanced degrees were nearly as large as the primary student characteristics, although undergraduate economics training was associated with lower student achievement on the essay test.
We largely confirmed past findings regarding the important role of student enthusiasm and prior achievement for their performance in high school economics classes, along with the substantial contributions of specialized teacher training and experience. However, the inclusion of an essay exam in our study revealed the novel finding that teachers' undergraduate training in economics enhanced student performance on the multiple choice test but reduced it on the essay test. We have dubbed the negative impact of teachers' undergraduate economics training on students' essay performance as the "lost in translation" effect. By contrast, teachers' general advanced degrees, which are primarily in education, enhanced performance on both types of exams.
Our results are based on a relatively small sample and are restricted to instruction in economics. As such, they may not generalize to larger samples and other subjects. However, our finding of a "lost in translation" effect, in which content expertise may undermine the ability of teachers to impart knowledge at the appropriate level for the high school curriculum, merits 19 further investigation. By contrast, our findings for advanced degrees in general suggest that they enable teachers to achieve more consistent success in the classroom, perhaps by adapting content knowledge to the instructional needs of students. Given the upcoming wave of retirements by baby-boom generation educators (Aaronson and Meckel 2009) Note: Means calculated for the sample used for the regression analysis of multiple choice outcomes (see Table 2 ); essay test scores based on a slightly smaller sample (963 students). The number of teachers is 24 and the number of classes is 48 (2 classes per teacher, experimental/control paired at same class level).
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